Traditionally, research on life-history traits has viewed the link between clutch size and offspring size as a straightforward linear trade-off; the product of these two components is taken as a measure of maternal reproductive output. Investing more per egg results in fewer but larger eggs and, hence, offspring. This simple size-number trade-off has proved attractive to modellers, but our experimental studies on keelback snakes (Tropidonophis mairii, Colubridae) reveal a more complex relationship between clutch size and offspring size. At constant water availability, the amount of water taken up by a snake egg depends upon the number of adjacent eggs. In turn, water uptake affects hatchling size, and therefore an increase in clutch size directly increases offspring size (and thus fitness under field conditions). This allometric advantage may influence the evolution of reproductive traits such as growth versus reproductive effort, optimal age at female maturation, the body-reserve threshold required to initiate reproduction and nest-site selection (e.g. communal oviposition). The published literature suggests that similar kinds of complex effects of clutch size on offspring viability are widespread in both vertebrates and invertebrates. Our results also challenge conventional experimental methodologies such as split-clutch designs for laboratory incubation studies: by separating an egg from its siblings, we may directly affect offspring size and thus viability.
INTRODUCTION
For many decades, biologists have attempted to understand the causal processes underlying life-history diversity. There have been many notable successes in that endeavour, with a resultant accumulation of sophisticated methodologies and extensive datasets (for recent examples, see Gillespie et al. 2008; Sprenger et al. 2008; Wheatley et al. 2008) . Nonetheless, many gaps in our knowledge remain unfilled, and the empirical underpinnings for even the most basic concepts are often surprisingly weak. In this paper, we describe the results of some simple experimental studies designed to address a central issue in life-history theory: the relationship between clutch size and offspring size.
Living organisms display a remarkably wide range in both fecundity and offspring size, and attempts to explain interspecific and intraspecific diversity in these traits are a major focus of life-history theory. Indeed, the significance of clutch size and offspring size goes far beyond life-history questions: for example, rates of reproductive output are critical determinants of population viability, and thus are central concerns for biologists interested in topics such as conservation of endangered species (Dimond & Armstrong 2007; Fenner & Bull 2007; Burgess et al. 2008; Vincenzi et al. 2008) and sustainable levels of harvesting (Hailey 2000; Bardos et al. 2006) . Accordingly, a massive empirical and theoretical literature has arisen to address these topics. The relationship between fecundity and offspring size has been a frequent focus of that work because, given finite resources, a reproducing animal must trade offspring size off against offspring number (reviewed in Stearns 1992; Roff 1992; Zehnder et al. 2007 ). In the common circumstance of energy limitation, for example, a female that allocates a certain amount of energy to her clutch or litter may thus be able to divide that allocation into X offspring of size Y, 2X offspring of size Y/2 or 4X offspring of size Y/4, and so forth. Although a female's ability to manipulate her expenditure in this way may be limited in actuality (e.g. high heritability in one component, such as egg size, may greatly reduce flexibility in allocation; Brown & Shine 2007) , the trade-off concept has proven attractive to many theoreticians, and has played a pivotal role in the development of life-history theory (e.g. Smith & Fretwell 1974; Plaistow et al. 2007; Zehnder et al. 2007) .
Many empirical studies have confirmed the existence of a trade-off between the size and number of offspring, at both interspecific and intraspecific levels (Stearns 1989; Roff 2002) . The nature of the finite limit to overall resource allocation to reproduction remains contentious, however, with some authors identifying energy stores as the resource to be subdivided, whereas others stress physical limitations such as maternal abdominal volume (Du et al. 2005) . Presumably, both are involved. For example, studies on reptiles suggest that total reproductive investment can be broadly predicted by maternal abdominal volume in interspecific comparisons ( Vitt & Congdon 1978; Shine 1992) and that experimental reduction of available volume for the eggs induces female lizards to produce fewer eggs (Du et al. 2005) . However, links between energy stores and reproductive output have also been well documented; for example, both total investment per clutch and the trade-off between egg size and number can shift among years within a single reptile population depending upon maternal feeding rates (Olsson & Shine 1997; Madsen & Shine 1999 . On a directly mechanistic basis, ovarian follicle ablation redirects maternal yolk into fewer follicles and thus increases mean egg size (Sinervo & Huey 1990) . Hence, despite continuing debate about the nature of upper limits to investment, the existence of a sizenumber trade-off is strongly supported by both models and empirical data.
In the present paper, we argue that the relationship between clutch size and offspring size may often be more complex than is captured in a simple size-number model. We suggest that it may often be the case that the size and/or fitness of progeny depend directly on clutch size, even at identical levels of maternal investment per progeny. Such a linkage has both methodological and theoretical implications; for example, it may impose selection on a wide range of related life-history traits such as ages at maturation, minimum energy threshold for reproduction, reproductive frequency, ontogenetic shifts in reproductive investment patterns and communal nesting behaviour. Because life-history models normally assume that clutch size does not affect offspring fitness except via a linear size-number trade-off, this extra complication has rarely been addressed in the previous literature.
CLUTCH SIZE AS A MATERNAL EFFECT
Although an extensive literature on the relationship between offspring size and clutch size posits a trade-off enforced by a finite supply of some resource, other kinds of causal relationships between these two variables have attracted little attention. Nonetheless, even a cursory survey reveals many cases wherein clutch size exerts a direct causal effect on either offspring size or offspring fitness, unrelated to the initial per-offspring provisioning 'decision' by parents. The most obvious and widespread such effect occurs in species that provision their young post-hatching, such as birds and mammals. Assuming some finite upper limit to the amount of parental care that can be provided, the size-number trade-off applies to this post-hatching phase as well. For example, both descriptive and experimental studies suggest that mean nutrient input per offspring may decrease if parents attempt to raise larger-than-usual clutches (e.g. artificially increasing clutch sizes in birds often reduces hatchling mass or viability; Lack 1968; but see Parejo & Danchin 2006) . Such cases are only trivial extensions to the size-number trade-off; both kinds of examples rely on the mathematics of dividing a fixed amount of energy among a variable number of progeny.
The situation becomes more interesting when the resource in question is less directly linked to parental provisioning (table 1) . Competition between developing siblings may be widespread, and can involve several mechanisms other than energy allocation. For example, a larger clutch may reduce oxygen availability for embryos (Lardies & Fernandez 2002; Green et al. 2006) , imposing selection for the evolution of the jelly coat, and on clutch size per se (Lee & Strathmann 1998) . Increased cues (visual, chemical, auditory, etc.) from a larger group of offspring ( Taylor 1979; Friedlander 1985; McRae 1996; Kiesecker & Blaustein 1997; Hayes 2000) may render a larger egg clutch or litter easier for predators or pathogens to locate and destroy. Similar causal effects of clutch size on offspring increase hatchling mass via water uptake fitness may occur via post-hatching mechanisms such as sibling competition after hatching (Godfray & Parker 1992) ; for example, clutch size affects offspring fitness in parasitic insects without post-ovipositional care (Le Masurier 1994; Fox et al. 1996; Desouhant et al. 2000) . Positive feedback between clutch size and offspring viability may be less frequent, but can occur; for example, larger clutches may be able to satiate predators at hatching, thereby enhancing survival probability per offspring ( McGinley 1989; Post 1998) . In turtles deposited within deep nests, larger clutches may be better able to dig through compacted soil to escape the nest chamber (Nagle et al. 2004) . Some larval insects are more effective feeding in groups (i.e. an Allee effect; Messina & Fox 2001) . Metabolic heating due to embryo metabolism may accelerate embryogenesis in larger clutches of the eggs of sea turtles, thereby allowing earlier hatching and, perhaps, more viable phenotypes (Broderick et al. 2001; Ewert & Nelson 2003) . Similarly, globular masses of amphibian eggs retain heat and accelerate larval development (Ryan 1978) , and a larger total clutch mass in endothermic animals may confer advantages to each progeny in terms of thermal inertia (Gittleman 1985; Rhind 2003; Cooper et al. 2005; Rodel et al. 2008) . Nest-attending male fishes may be less likely to predate upon their own eggs in larger clutches than in smaller ones (Klug & Bonsall 2007) , or spend more time fanning the eggs (and thus increase egg-hatching success) in larger clutches (Karino & Arai 2006) . Larger families may be socially dominant over smaller ones, thereby increasing offspring fitness in larger broods (in geese; Lepage et al. 1998 ). This diversity of potential causal links between clutch size and offspring size suggests that maternal effects relating to clutch size are not fully captured by the current generation of life-history models.
Recent research on reptiles suggests another type of relationship between clutch size and offspring size: one that is driven by hydric interactions between neighbouring eggs during the incubation period. Most squamate reptiles lay parchment-shelled eggs, which exchange water with the substrate during incubation (Mathies & Andrews 1996 . Marco et al. (2004) reported that the amount of water taken up by a lacertid lizard egg (and hence the size of the hatchling that emerged from that egg) depended not only on the substrate water content, but also on the number of other eggs with which the focal egg was in contact. Eggs competed for water in a relatively dry nest, so that aggregated eggs took up less water and produced smaller hatchlings. In a study designed to clarify the fitness consequences of communal oviposition in scincid lizards, reported a similar link between clutch size and water uptake, but the opposite effect on offspring size. Eggs incubated in larger groups took up less water during incubation, but produced larger hatchlings.
The present study is a direct outgrowth of work, and is designed to test the possibility that clutch size effects on water uptake by eggs (and thus on hatchling size) might be evident even within the range of clutch sizes observed within a single population (rather than the wider range of 'incubation cluster' sizes generated by communal oviposition). Keelback snakes (Tropidonophis mairii ) provide an ideal model system for such a test; they exhibit a wide range in both clutch and hatchling body sizes within a single population, and the survival of hatchling snakes depends upon body size, in turn driven by rates of water uptake by the egg during incubation (Brown & Shine 2004 ). This system thus provides an ideal opportunity to establish direct links between clutch size, incubation dynamics and offspring fitness.
AN EXPERIMENTAL STUDY OF CLUTCH SIZE EFFECTS ON INCUBATION DYNAMICS IN SNAKES
(a) Study species and area Keelbacks (T. mairii ) are the only Australian species within the major cosmopolitan colubrid snake subfamily Natricinae, the phylogenetic lineage containing a diverse array of Asian taxa as well as European grass snakes and North American garter snakes (Malnate & Underwood 1988) . They are small (up to 80 cm snoutvent length (SVL)) non-venomous snakes that are widely distributed throughout tropical and subtropical Australia, as well as much of New Guinea (O'Shea 1996; Cogger 2000) . The keelbacks are found primarily in riparian habitats, and feed upon frogs (Shine 1991) . In our study area, adult female keelbacks produce multiple clutches of eggs throughout the dry season (April to November; . Eggs are laid in relatively shallow nests (below 20 cm deep) on the edge of the flood plain ). The female keelbacks span an adult size range of 44.8-78.3 cm SVL, with most of that variation attributable to maternal age (for recaptured females that had been marked and released at hatching, and thus are of known age: age versus SVL, nZ217, rZ0.75, p!0.0001). Within our study population, clutch sizes range from 4 to 21, and are highly correlated with maternal body size (nZ869, rZ0.73, p!0.0001). Hatchlings range from 10.8 to 17.8 cm in SVL (1.1-3.8 g).
The Adelaide River flood plain, 60 km east of the city of Darwin in tropical Australia, lies within the wetdry tropics (12855 0 S, 131831 0 E). Mean daily maximum air temperatures exceed 308C in every month of the year, although minima fall much lower (15-248C) mid-year than at other times. Rainfall is highly seasonal, with more than 75 per cent of the 1300 mm annual average rainfall occurring during a brief 'wet season' (December-March: Taylor & Tulloch 1985) . Importantly, the seasonal timing of the onset and cessation of the monsoonal rains varies considerably from year to year as well as from place to place (Shine & Brown 2008 ). This seasonal and annual variation exposes natural nests of keelbacks to a wide range of hydric conditions over the prolonged nesting period.
(b) Methods
We conducted nightly surveys just after dusk, the main activity period for local keelbacks (Shine 1991) .
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The observer walked and/or slowly drove a 1.3 km stretch of road along the top of Fogg Dam on the Adelaide River flood plain, using a spotlight to locate active animals. Any keelbacks seen were captured, and retained in captivity for processing (measuring, individual scale clipping, etc.) prior to release at their site of capture the following day. Gravid females were kept until they deposited eggs, generally less than 2 days after capture.
We incubated groups of eggs, in a single layer, in 1000 ml containers (70 mm!100 mm!145 mm) in a range of cluster sizes (nZ4, 5, 8, 10, 15, 16, 25 and 27 eggs) . The keelback eggs are elongate and were half buried in the incubation substrate with the long axis upwards. The eggs within clusters were in physical contact throughout incubation. To ensure equal moisture availability per egg for clutches of different sizes, we added a mass of vermiculite and water equal to the mass of the eggs within that cluster (e.g. 20 g eggsC20 g waterC20 g vermiculite). Containers were weighed, covered with non-airtight lids and incubated in a styrofoam cooler at room temperature.
To deconfound maternal effects, we split clutches and combined eggs from four to five clutches within each treatment group (and for larger group sizes, within each cluster). Thus, the exact size of experimental clusters was determined by the availability of multiple females with relatively simultaneous oviposition. The clutches of five females were used to conduct the first set of incubation trials consisting of one replicate of each of four cluster size categories (nZ4-5, 8-10, 15-16 and 25-27 eggs). The eggs from each clutch were distributed among each of the four cluster size categories. Approximately one month later, the clutches of four additional females were used to replicate the design. The nine different females contributed a total of 110 eggs (11-16 eggs each).
The eggs were individually marked, measured and weighed within 24 hours of oviposition. After intervals of 23, 33, 43 and 53 days post-laying, the eggs were reweighed and water was added to the incubation medium to replace moisture lost through evaporation. Immediately prior to hatching (approx. 60 days after laying), we transferred the eggs to individual 120 ml containers so that we could unambiguously assign each hatchling to its egg. Within 48 hours of hatching, each snake was sexed (by hemipene eversion in males), weighed and measured for SVL, head and tail length.
We assessed normality and variance homogeneity prior to analyses, and ln-transformed data when necessary to satisfy these assumptions for statistical testing. For analyses of treatment effects, we included maternal identity and cluster size as fixed factors in a repeated-measures ANOVA. We designated four cluster size categories representing small clutches (nZ4 or 5 eggs), average clutches (nZ8 or 10 eggs), large clutches (nZ15 or 16 eggs) and very large (or composite, communally deposited) clutches (nZ25 or 27 eggs).
(c) Results
The mean initial (immediately post-laying) mass of eggs did not differ significantly among the four cluster size groups (F 3,109 Z0.08, pZ0.97). A repeatedmeasures ANOVA on changes in egg mass during incubation (with cluster size and maternal ID as independent factors) revealed that eggs increased in mass overall through the course of incubation (F 4,296 Z 775.9, p!0.0001), and that the treatment groups did not differ significantly in total mass increments (F 3,74 Z 2.23, pZ0.09). The main effect for maternal (Zclutch) ID was significant (F 8,74 Z24.0, p!0.0001) but no higher order interaction terms containing clutch ID were significant (table 2) . Notably, eggs in some treatments took up water (i.e. gained mass) over a different time course than did those in other treatments (i.e. a significant interaction between cluster size and the trajectory of increase in egg mass: F 12,296 Z 3.25, pZ0.0002). Figure 1 reveals the nature of this interaction. Eggs in each cluster size took up water at similar rates until midway through incubation, but after this time the rate of water increase depended upon cluster size. Eggs incubated in small groups tended to lose mass, whereas eggs in large clusters continued to gain mass. Eggs in intermediate-sized clusters showed an intermediate pattern of changes in mass (figure 1), and the interaction between cluster size and time remains significant even if data from the smallest cluster size (nZ4 or 5 eggs) are excluded from the analysis (table 2) .
This effect of cluster size on water uptake rates resulted in significant effects on hatchling body sizes. We included initial (post-laying) egg mass as a covariate in these analyses, to ensure that any treatment effects were not due to minor differences in initial egg mass among groups. After correcting for initial egg mass, we found significant effects of cluster size on hatchling figure 2 ), but not on body mass (F 1,106 Z2.36, pZ0.13). Sex ratios of the offspring were not affected by cluster size (c 1 2 Z0.05, pZ0.83).
(d) Discussion
In tropical snakes (as in alpine scincids but not in lacertids (Marco et al. 2004) ), eggs that were incubated within a large group of other eggs produced larger hatchlings than did eggs that were incubated in smaller groups. Rates of water exchange with the substrate appear to be important in this process: larger clusters of keelback eggs exhibited higher rates of water uptake initially, and lower rates of water loss towards the end of incubation, and thus produced larger hatchlings. The mechanistic basis for shifts in hydric exchange remains obscure, but may involve less air flow around individual eggs within larger clusters (and hence lower rates of evaporative water loss from such eggs). Regardless of the exact mechanism, the existence of a link between egg aggregation and water uptake in very dissimilar reptile species suggests that the phenomenon may be widespread (e.g. Clark & Faeth 1998) . Our data show that this effect can be seen even within the range of clutch sizes apparent within a single population of keelbacks, and occurs in a species where we have firm empirical evidence of a link between water uptake, hatchling size and hatchling fitness (Brown & Shine 2004 ).
This maternal effect has important implications, both for experimental methodologies and for our understanding of the selective forces operating on maternal reproductive tactics. First, we consider methodological implications, deferring discussion of selective forces until §4. In terms of methodology, it is difficult to avoid the conclusion that incubating eggs individually (as is done in most experimental studies, especially those that use split-clutch designs) may thereby modify the phenotype of the offspring. That is, the young reptile that emerges from that egg in the laboratory will differ-perhaps in important waysfrom the offspring that would have emerged from the same egg in the field. This will be true even if the overall physical conditions (moisture, temperature, etc.) during incubation are identical. In the case of keelbacks, the difference in hatchling size induced by a cluster of surrounding eggs would be great enough to significantly affect conclusions about the fitness consequences of size variation. Based on a field study of 291 hatchlings recaptured from more than 5400 released, survivorship increased significantly with body size to a maximum rate of 11 per cent in the largest size class (G.P. Brown 2008, unpublished data) . An increase of 0.6 cm in SVL at hatching (from 15.2 to 15.8 cm, as generated by a small versus large cluster of eggs) is likely to translate into a 12 per cent increase in the probability of survival throughout the first year of life (from 5.9 to 6.6%: G.P. Brown, unpublished data). In some cases-such as studies of fitness differentials, or in conservation-oriented programmes where the aim is to maximize offspring viability-such a difference might be very significant.
The other methodological issue involves artefacts introduced by individual incubation, and, especially, the problematic correlation between clutch size and offspring size introduced by incubation dynamics. Unfortunately, clutch size (and not, infrequently, egg size) also correlates with maternal body size-larger females tend to have more, and sometimes larger, offspring ( Fitch 1970) . Larger females also tend to be older (as is the case in our keelback population; see above). Thus, in practice, any hydrically driven link between clutch size and offspring size (as revealed by our study) is enmeshed within a series of tight correlations with other biologically important traits. For example, maternal reproductive success might well increase with maternal age simply because of the water uptake effect-an explanation very different from those usually offered for such correlations (Olsson & Shine 1996; Plaistow et al. 2007 ). Indeed, any attempt to quantify allometric trends in reproductive traits or lifehistory variables becomes far more difficult if these kinds of feedback effects between offspring size and number are incorporated, because the relationship between egg mass and offspring mass may vary nonrandomly with clutch size, female body size and female age. Superficially simple concepts such as 'propagule size' become surprisingly ambiguous, and allometries depend upon the life-history stage at which one measures the trait in question (e.g. allometries for egg mass differ from those for hatchling mass). An extensive literature suggests that the phenotypic traits of hatchling reptiles are exquisitely sensitive to even minor details of the incubation environmentsuch as the mean thermal and hydric regimes to which eggs are exposed, the degree of fluctuation in such regimes, and so forth Qualls & Andrews 1999; Webb et al. 2001; Ji et al. 2002; Shine 2002; Deeming 2004 ). Our analysis identifies yet another component of the incubation environment that can affect hatchling phenotypes: the number of neighbouring eggs during incubation. Importantly, this additional factor is likely to be highly sensitive to the interaction between abiotic conditions in the nest (e.g. moisture levels) and biotic traits (e.g. egg mass and clutch size). That interactive effect will pose significant difficulties for empirical studies on offspring fitness from laboratory-incubated eggs. For example, presumably, the effect of a larger clutch size on water uptake rates and thus offspring size will be greater under some abiotic conditions (e.g. dry nests) than others (e.g. wet nests), and the exact degree of contact between adjacent eggs (itself a function of the number of other clutches nearby, and of the physical structure within egg-laying sites) may well influence fitnessrelevant traits also. Such complexities may explain the contrasting results of incubation experiments with lacertid lizard eggs (clustering reduced offspring size; Marco et al. 2004 ) and scincid lizard and colubrid snake eggs (clustering increased offspring size; ; current study). In Marco et al.'s (2004) study, the influence of egg clustering on hatchling mass disappeared at intermediate levels of substrate moisture.
BROADER IMPLICATIONS OF CLUTCH SIZE EFFECTS FOR LIFE-HISTORY THEORY
Our experiments clearly demonstrate a carry-over effect of clutch size on offspring fitness, i.e. clutch size can be a maternal effect above and beyond the direct trade-off between size and number at the timing of maternal investment. Such effects could potentially influence the evolution of reproductive effort and, perhaps, also other life-history traits and behaviours (e.g. nest-site choice). We explore these implications below, with emphasis on reptiles.
The kinds of size-number models generally used in life-history theory usefully could be expanded to explore the consequences of a more diverse range of relationships between clutch size and offspring size. The standard model assumes that the relationship is linear: increasing clutch size by 1 reduces mean offspring size by the same amount, divided equally among all offspring. If larger clutches directly increase offspring size via rates of water exchange through the eggshell (for example), the relationship not only could change slope but also could become nonlinear. Some of these maternal effects probably cut in at specific threshold clutch sizes, whereas others would apply incrementally as clutch sizes increase. Marco et al.'s (2004) results suggest that local environmental conditions could massively affect the slope of the clutch size versus offspring size trade-off, with minor spatial and temporal variation in soil moisture levels generating different size-number trade-offs for different females, or even for successive clutches produced by the same female. The assumption that any cost or benefit to offspring is divided equally among the clutch may also be violated; for example, eggs in the middle of a cluster may experience different costs or benefits than eggs on the periphery. Such complexities could easily be incorporated into mathematical models, an approach that might provide useful insights into the selective consequences of these maternal effects on size-number trade-offs.
Our literature review suggests that such complex maternal effects are widespread. In terms of the specific mechanism we have documented in keelbacks, similar allometric effects on water uptake might also occur in other species of oviparous terrestrial animals-but even within specific groups, substantial variation is likely. For example, the eggs of some lizards have calcareous rather than parchment-like shells, and hence have less hydric exchange with the incubation environment (Packard et al. 1982) . Those same lizard lineages are typified by low and invariant clutch sizes, hinting that the evolution of these two traits (calcareous eggshells and low clutch sizes) might be linked. For example, any hydric advantages associated with large clutch size may disappear with the evolution of an eggshell morphology that greatly limits water exchange with the environment, and vice versa.
Although such variation in relevant traits makes it difficult to frame generalities, that same variation provides a great opportunity for comparative analyses. There are a limited number of factors that affect offspring size and /or viability after the eggs are laid. Some of these occur during incubation, such as rates of physical exchange (of water, oxygen and waste products) with the nest environment and other eggs, and rates of attack by pathogens or predators. Other factors apply after hatching; for example, escape from the nest chamber or predator satiation (table 1; McGinley 1989; Espelta et al. 2008) . Lastly, limited dispersal by offspring post-hatching may create circumstances where a larger clutch confers advantages (e.g. thermal inertia through clumping, or greater protection against predators via enhanced surveillance or cumulative defensive ability) or disadvantages (by attracting predators or creating greater competition for resources among siblings; e.g. Kagata & Ohgushi 2004; table 1) . Even in cases where there is a consistent benefit to offspring size associated with clutch size variation, species may differ in the degree to which such a size benefit persists posthatching (versus being eliminated by compensatory growth; , and even if it persists, whether a size increment translates into a fitness increment (McGinley et al. 1987) . Those kinds of costs and benefits should cut across phylogenetic lines, facilitating comparative analyses of putative links between such factors and the life-history variables predicted to evolve in response to maternal effects of this type. What form might these life-history modifications take? Possibilities include: (i) Nesting behaviour. Enhanced offspring size from larger clutches would favour tight clumping of eggs during oviposition, perhaps with adherent eggs to maintain the close physical contact, and active preference for laying eggs communally with those of other females , perhaps even females of other species. In keeping with this prediction, keelback snakes do indeed oviposit communally rather than singly if given the opportunity (Brown & Shine 2005 ; figure 3), and thereby obtain the advantages of enhanced water uptake by eggs. Our laboratory studies suggest that the benefits of communal nesting might depend upon factors such as maternal fecundity and soil moisture levels, generating immense complexity. (ii) Allometry of egg versus offspring size. Because eggs in larger clutches will be able to take up more water during incubation, we expect larger clutches to consist of smaller eggs (thus generating a similarity in offspring sizes). That is, a tradeoff between egg size and number does not necessarily lead to a trade-off between offspring size and number. As predicted, mean egg mass declines with increasing clutch size in our keelback population (nZ333 clutches, rZK0.14, p!0.01). Because we do not have data on neonatal masses from incubation in natural nests, we cannot assess the prediction concerning the relationship between clutch size and offspring mass. (iii) Thresholds for initiating reproduction. We predict that female keelbacks should delay reproduction until they can produce a large-enough clutch to benefit their offspring in terms of optimal water uptake and, thus, hatchling size. All else being equal, we would expect this selective pressure to result in large females producing infrequent, but large, clutches of eggs. The same general prediction derives from the notion of fecundityindependent costs-that is, females should delay reproduction and produce infrequent large clutches if the act of reproduction involves a risk or energy cost whose magnitude is independent of the number of eggs produced (Bull & Shine 1979) . In essence, these are two sides of the same coin: a life-history tactic based on producing occasional large clutches rather than numerous small clutches can be favoured because of fecundity-dependent advantages (as in the current study) or fecundity-independent costs (as in Bull & Shine's (1979) (Blackburn 1982 (Blackburn , 1985 Shine 1985) . It is difficult to imagine hydric balance being affected by litter size in such cases, because the embryos are not in physical contact with each other, and all are maintained within a hydric environment under direct maternal control. If so, then the selective advantage of viviparity over oviparity may shift with fecundity. For a species producing small clutches, the shift to uterine incubation may enhance hydric balance of developing embryos more than would be the case for a species with higher fecundity (and, thus, in which large clutch sizes ensure more suitable hydric conditions inside the nest). If so, the selective advantages afforded by uterine retention of eggs may depend upon clutch sizes (and, hence, maternal mean adult body sizes).
CONCLUSIONS
In summary, clutch sizes may play a more complex role as maternal effects than has heretofore been appreciated. Not only can clutch size influence offspring size via a direct trade-off (given finite limits of energy or maternal abdominal volume), but also via a range of other pathways that can operate after the initial Incubation dynamics in snakes G. P. Brown & R. Shine 1103 maternal allocation decision-either during egg incubation, at the time of hatching or after hatching. Such effects can occur in species without parental care, as well as in those that allocate additional resources to their progeny post-hatching. Increases in clutch size can increase progeny fitness in some circumstances, and decrease it in others-even within the same population, as a function of nest-site location. The mechanisms that generate causal effects of clutch size on offspring viability are diverse, ranging from competition among siblings for a limited resource (energy, oxygen and water) through to the advantages of larger numbers in predator satiation. Simple verbal models suggest that these effects not only need to be incorporated in our experimental designs for future work, but also should be incorporated in theoretical models to explore the consequences of this diversity in size-number trade-offs for the evolution of lifehistory tactics.
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